The development of bacteriophage in bacterial cultures has been described repeatedly. The importance of the phenomenon is selfevident. If the production of phage from bacteria themselves can be incontrovertibly proved, then it is scarcely conceivable that the bacteriophage can be a living ultramicroscopic parasite of the bacteria.
In some cases, plaques from which lysis in series can be conducted have appeared spontaneously in stock cultures (1) . In most cases, however, a more complicated procedure has been necessary (2) for the development of the phage, one involving repeated filtrations and reinoculations, sometimes of young cultures, but usually of cultures that have aged or been treated with some chemical or physical agent. The objection to all of the results is that they cannot be reproduced at will, and although positive results may predominate in the hands of some workers, the outcome of individual experiments is uncertain. Furthermore, the amount of manipulation necessary increases the possibility of contamination with phage, and this factor becomes of increasing importance when one considers the ubiquity of phage and its relative resistance to most chemical and physical agents. Consistent results were reported at one time by Putter and Vallen (3), but they subsequently traced them to the use of contaminated filters (4), and therefore retracted their previous statements. The possibility that bacteriophage was already present in the cultures used must also be considered. In this connection Manninger (5) takes the extreme view that all of the cultures of the colon-typhoid-paratyphoid group of bacteria are contaminated with bacteriophage.
A phenomenon distinct from these, however, and one which can be 723 regularly brought about is the production of phage for one bacterium in cultures of another.
This was first described in 1922 by Lisbonne and Carfare (6), and they considered it the result of bacterial antagonism. Kuttner (7), in 1923, produced phage from stock cultures, and the phage produced acted only on heterologous strains, and not on the strain from which it was derived. In 1924, Gildemeister and Herzberg (8) These two bacterial strains have similar, ff not identical, properties , so the litera. ture on the two will be summarized together. Bordet was able, by culturing from single colonies, to secure strains that would not produce phage for the Shiga bacillus (9) , and by subculturing single colonies for a number of passages, he could get strains that were to some extent lysogenic for each other (10) . Since the great majority of the strains from single colonies could still produce phage for the Shiga bacillus, he called this phenomenon "active lysogenesis," as contrasted to "passive lysogenesis" which resulted from artificially mixing a culture with phage, and in which the phage was only perpetuated in mass cultures. D'Herelle (11) repeated Bordet's experiments, and found that in artificially produced Iysogenic cultures phage persisted in transfers from single colonies if the "rough" colonies were selected. I-Ie thought that such colonies indicated symbiosis of the bacteriophage with the bacteria. Bail (12) confirmed d'HereUe's experiments and agreed with him that the phenomenon did not represent a true production of phage from the bacteria themselves but resulted from the admixture of phage with the bacteria. McKinley (13) immunized animals with broth cultures of the coli strain of Lisbonne and Carr~re and the resulting sera neutralized the phage already produced by the culture, but would not render the strain of bacteria non-lysogenic.
To explain the phenomenon of phage production for the Shiga bacillus in cultures of B. coli on the basis of phage preexisting in the culture, it is necessary to assume t h a t the colon bacillus employed for the work carries a phage active against both B. coli and against B. dysenteria~ Shiga, and t h a t the particular strain of B. coli employed is resistent to this phage to such an extent t h a t no gross lysis occurs, although enough individuals in the culture prove susceptible to serve for the perpetuation of the phage. It should be possible to reproduce the phenomenon experimentally, and this we have attempted to do in the following work. In addition to using a phage acting on both B. coli and B. dysenteria~ Shiga, a monovalent phage, acting only on B. coli, was used. In the case of this latter the original strain of bacteria was necessary to demonstrate the presence of phage.
The Production ofLysogenic Bacteria.--B. toll, and P.C. phage, which acts both on B. coli and on B. dysenteriae Shiga, were inoculated into a tube of broth, and incubation was continued after the completion of lysis. The resulting overgrowth was inoculated directly onto agar slants. The growth appeared normal, but phage was readily demonstrated by cultivating in broth either with B. dysenteriae Shiga or with the original strain of B. toll, then removing the living resistant bacteria by filtration, centrifugation, or heating to 56°C. for 40 minutes, and adding some ± following a number indicates that the number was estimated.
-indicates absence of lysis. These signs will be used in the following protocols whenever lysis on agar slants is recorded.
of this material to a fresh culture of the susceptible organism. Phage could in this way be demonstrated even after the bacteria had been cultivated in series through 80 daily passages. A like experiment was done with B.W. coliphage, which acts only on B. toll The phage could be demonstrated by allowing the resulting lysogenic strain to act on the original strain of colon bacilli.
Identification of the Phages Produced by Lysogenic Bacteria.--It was necessary to
ascertain that the phages produced were those to which the bacteria were originally exposed. This was readily done, as the two phages are distinct serologicaUy, and a serum prepared against one of the phages is inactive against the other.
B A C T E R I O P H A G E OF D~HER-ELLE. Xll
Serial dilutions of the phages recovered were mixed with equal quantities of sera prepared against the original phages, and after an interval of 1 hour at room temperature, drops of the mlrtures were run down the center of agar slants previously inoculated with the susceptible organism ( Table I) .
The phage recovered from the culture made lysogenic by exposure to P.C. phage was found to be neutralized by anti P.C. phage serum and not by anti B.W. phage serum, while the reverse was true of the phage recovered from the culture exposed to the action of B.W. phage. This establishes the identity of the phages recovered from the bacteria with those to which the cultures were originally exposed.
Serological Table II . From this it is seen that the sera of animals immunized with lysogenic cultures are capable of neutralizing the phage carried. It has been shown in a previous communication (14) that antibacterial sera are without effect on phage, so the ability of an antibacterial serum to neutralize bacteriophage must indicate that the bacteriophage was present in the culture used as antigen.
An attempt was then made to carry out analogous experiments with a culture of colon bacilli that was lysogenic when isolated. A culture of the B. coli strain of Lisbonne and Carr~re was kindly furnished us by Dr. E. B. McKinley, and a rabbit was immunized by intravenous injections of 18 hour broth cultures, freshly prepared for each injection. After the course of immunization usually followed in this laboratory (3 daily injections at weekly intervals for 4 weeks) the serum was tested for ability to neutralize the phage secured by the action of this strain of bacteria on the Shiga bacillus. Table I I I shows that, while the degree of neutralization was not great, there was definite neutralization of the phage by the immune s e r u m . This is considered definite evidence t h a t the phage was present in the culture. The antilytic p r o p e r t y of serum of animals immunized against this bacterium has also been reported b y McKinley (13) and confirmed b y da Costa Cruz (15) .
The phenomenon, as experimentally reproduced, consists in the demonstration of the phage which was previously mixed with the bacterial culture, and which remains present through an indefinite number of transfers. DISCUSSION. Consistent production of phage by one bacterium for another seems, in view of the experiments recorded here, to be the result of contamination of the "active" strain with a bacteriophage capable of acting on the susceptible strain. The majority of the individuals in the lysogenic strain are resistant and therefore such a culture cannot be used in the demonstration of the phage carried, unless, by picking a sufficiently large number of isolated colonies, a susceptible strain can be obtained. This has been done by Bordet, though his explanation does not agree with the one here given.
The phenomenon is readily reproducible experimentally by exposing a bacterial culture to the action of a polyvalent phage, the lysogenic strain thus obtained producing a phage that has the same range of activity as that possessed by the original phage. The apparent production of phage consists merely in the demonstration of the presence of the phage previously added, and that persists in the culture indefinitely. To demonstrate more conclusively that the phage recovered is the same one originally added to the culture, advantage can be taken of the fact that each phage is a specific antigen, and so the phage recovered can be identified with the original phage by its neutralization by specific antiserum.
Furthermore, the presence o f phage in the bacterial culture may be detected by the immunization of animals, the resulting antibacterial serum being also capable of neutralizing the phage carried. As antibacterial sera are known to be incapable of neutralizing bacteriophage, the presence of neutralizing antibodies may be considered evidence that phage was present in the culture. The absence of neutralizing antibodies in an antibacterial serum, however, cannot be taken as positive evidence of the absence of bacteriophage, as antigens vary in their ability to stimulate antibody production. The possibility must be considered, therefore, that the phage carried may be a poor antigen and that no detectable antilytic properties may develop during the course of immunization. The development of antilytic properties during the immunization of animals with the B. coli strain of Lisbonne and Carr~re shows definitely that phage was present in the culture.
The production of phage from bacterial cultures alone must be regarded as unproven, though this possibility must still be considered.
